Spectrum and mass composition of cosmic rays in the energy
I. INTRODUCTION
Energy spectrum of cosmic rays (CR) in energy range 3 ×(10 15 −10 18 ) eV could not be studied in detail with compact arrays due to their small acceptance at energy above 10 17 eV. At the same time this area of the spectrum is of a great interest, since local irregularities are manifested there:
production of kinks (thin structure at 3 × 10 15 − 10 17 eV) arising from non-uniform distribution of heavier CR components in our Galaxy. On the other hand, this effect is smoothed by addition of a new component (of meta-galactic or other origin) to the cosmic ray flux near Earth. As a result, presence/absence of significant irregularities in spectra measured by various compact arrays allows one to speculate on the CR origin and propagation in our Galaxy [1, 2] .
The Yakutsk array in this sense appears as a unique scientific tool. It is related to medium-sized arrays, capable of effective measuring of cosmic rays flux in a wide energy range (10 15 − 10 19 eV).
Other important traits of the array are its model-independent technique of energy estimation of extensive air showers (EAS) and the ability to track longitudinal EAS development by detecting the Cherenkov light emission. Factors mentioned above enable adopting the unique method, combining the studies of CR spectrum and mass composition aimed at exploration of astrophysical aspect of cosmic rays [3, 4] .
II. METHODICAL ISSUES
For more than 15 years the small Cherenkov setup has been operating as a part of the Yakutsk array. It measures Cherenkov light emission from EAS of lower energies (see Fig.1 ) using standard detectors which are designed to operate in winter conditions. The area of modern prototype was significantly increased in comparison with the original setup, its border forms a circle of 500 m radius. The number of optical detectors was also increased (see Fig.1 ). Table I presents the information on operation of the setup (on annual basis) combined with mean spectral atmosphere transparency at wavelength 430 nm.
All the information on each shower is stored in the database, which is controlled by a software complex. This program includes units for gathering, sorting and storing of the experimental data.
It also includes mathematical units for data processing and statistical analysis. The results of the analysis are presented below. In order to reconstruct cosmic ray spectrum we used following criteria for shower selection: The structure of the data bank was defined by the task -it was formed strictly by those periods of observation, which confirmed to adopted shower selection criteria mentioned above. We suppose that chosen conditions are sufficient to avoid distortions related to experimental and methodical errors in reconstruction of cosmic rays energy spectrum.
B. Monitoring of the atmosphere
It is believed that photon losses in clear atmosphere arise from Relay scattering (5 % from total flux). In real conditions there is significant loss in received light due to Mi-aerosol of various size.
In winter (in the region where array is located the climate is sharp-continental) the atmosphere above the array is non-standard, its parameters change significantly from autumn to winter and vice-versa. According to work [5] all this factors should be tracked on an operational basis and taken into consideration when analysing different observational periods. On 500 m for showers with E 0 ≥ 10 17 eV (see Fig. 4 ). A transition from classification parameters to the energy was made according to empirical formula (1). When calculating intensity of the spectrum, showers were considered with θ ≤ 50
• . The time of the observation is presented in the Table I . Here we consider two possible scenarios of generation of the spectrum. In the scenario 1, the kink at E = 3 15 eV and subsequent increase result from galactic component (up to 10 17 eV). In the region (∼ 3 × 10 17 − 3 18 ) eV, the spectrum is shaped by unknown component; here, one may speculate of CR particles interaction with galactic wind and shock acceleration. In the scenario 2, the galactic component extends to 3 18 eV thanks to acceleration by supernova remnants [6, 7] . This model shows good agreement with experimental data and helps to interpret observed spectrum in the range 10 15 − 3 × 10 18 eV.
As it is seen from figures, within the energy range (5 − 8) × 10 16 eV there is a small peak generated by iron nuclei. At lesser energies, where a peak from the CNO group is expected according to the model, a slight increase in the intensity is observed. According to our data and the data from KASCADE-Grande, this exceeding is not significant and could be related to the presence of CR of another origin in the total flux [2] . and the maximum of the ln A value could be clearly seen. Then it follows that the nature of the peak in the spectrum is related to a heavier component of cosmic rays.
